Aim: The aim of the study was to assess the safety of surgery for breast cancer in patients with antithrombotic therapy (ATT), including antiplatelet therapy (APT) and anticoagulation therapy (ACT) for thromboembolic risks. Methods: One hundred ninety-three consecutive patients receiving breast surgery for breast cancer at our institution between 2010 and 2015 were retrospectively reviewed. Among them, ATT was regularly used in 50 patients (25.9%). Our perioperative management included maintenance of preoperative aspirin monotherapy for APT and bridging heparin for ACT in patients at high thromboembolic risks and early postoperative reinstitution in all ATT cases. The outcome variables of patients with ATT (ATT group) were compared to those of patients without ATT (non-ATT group), and the significant risk factors for postoperative complications were determined by multivariate analysis. Results: This series included 127 mastectomy and 66 breast-conserving surgery. ATT group showed significantly high frequency of history of cerebral infarction and percutaneous coronary intervention (PCI). In the ATT group, 32 patients (16.6%) were categorized as high risk for thromboembolism, but there was neither thromboembolic event nor perioperative death in the whole cohort. Surgical blood loss and rates of intraoperative transfusion were identical between the groups. Whereas overall postoperative bleeding complication was more frequently observed in the ATT group compared to the non-ATT group (12.0% vs. 3.5%, p = 0.360) in univariate analyses, multivariate analysis showed that neither ATT nor preoperative aspirin continuation affected postoperative bleeding complications. Conclusion: Even in patients undergoing ATT, surgery for breast cancer is safely performed without any increase in blood loss or postoperative bleeding, and no thromboembolism was experienced in the series. Our perioperative management of ATT patients is valid during breast surgery, although this patient population is still challenging and should be rigorously managed.
Introduction
More and more patients who receive [antithrombotic therapy (ATT); antiplatelet therapy (APT) and/or anticoagulation therapy (ACT)] for cardiovascular and/or cerebrovascular complications undergo many kinds of surgery, including breast surgery. In most institutions, how to manage perioperative ATT was largely determined by the individual surgeons, and there is so far no definite protocol or guideline concerning perioperative antithrombotic management. The risk of thromboembolic complications may increase when ATT is stopped; the risk of bleeding complications may increase when ATT is continued. We have conducted our perioperative antithrombotic management protocol including preoperative aspirin continuation for high thromboembolic risk patients ("Kokura Protocol") and have shown that abdominal surgery under the Kokura Protocol could be safe and feasible [1] [2] [3] . The objective of this study is to compare bleeding complications after breast surgery in patients receiving ATT and patients not taking antithrombotics to assess the safety of breast surgery under the Kokura Protocol.
Materials and methods
Between January 2010 and December 2015, a total of 193 female underwent breast surgery in our institution. One hundred twentyseven patients underwent modified radical mastectomy and 66 patients underwent breast-conserving surgery. Of those, 56 patients (29.0%) underwent axillary lymph node dissection. Patients' background and perioperative characteristics and the postoperative outcomes were collected through a standardized review of the electronic surgery database as well as hospital and clinical charts. The condition of patients' functions and symptoms with reference to need for care and ambulatory status was described according to the European Cooperative Oncology Group Scale of Performance Status (PS) [4] .
The categorization of postoperative complications was achieved using the Clavien-Dindo classification (CDC) [5] . Postoperative bleeding complications included bloody drainage, formation of hematoma, and subcutaneous hemorrhage. Bleeding complications with CDC class 1 or more were defined overall bleeding complications; those with CDC class 2 or more were defined major complications. Both bleeding complications were regarded as primary outcomes. Background characteristics, perioperative conditions, and outcome variables were compared between patients with ATT (ATT group) and those without ATT (non-ATT group).
Perioperative antithrombotic management
After discussing with cardiologists, cerebrovascular surgeons, and anesthesiologists, we have established our perioperative antithrombotic management protocol (Kokura Protocol [1] ; Figure 1 ). High thromboembolic risk patients were defined as follows: (1) patients undergoing drug-eluting coronary stent (DES) implantation, (2) patients undergoing bare metal coronary stent implantation within 2 months, (3) patients undergoing cerebrovascular reconstruction within 3 months, (4) patients having recent-onset cerebral stroke or transient ischemic attack, (5) patients with regular oral anticoagulation for chronic atrial fibrillation or those with previous thrombosis, and (6) patients having cardiovascular or cerebrovascular diseases who were recognized as high risk by cardiac/cerebral specialists. The flowchart generally consists of interrupting ATT 5-7 days before surgery and postoperative early reinstitution in low thromboembolic risk patients. In contrast, preoperative aspirin monotherapy is continued for APT patients and ACT was substituted by bridging heparin in high thromboembolic risk patients.
Statistical analysis
The categorized data was compared by χ 2 or Fisher's exact probability test. Continuous variables in the characteristics were expressed as a median with range and compared by one-way analysis of variance The management generally consists of interrupting ATT 5-7 days before surgery in low thromboembolic risk patients. In patients with high thromboembolic risk, aspirin monotherapy is continued in patients with APT, and/or ACT was substituted by bridging heparin, and both were reinstituted postoperatively as soon as possible.
(ANOVA) or Kruskal-Wallis test. Nonparametric variables were also compared using Kruskal-Wallis test with Scheffe's F-test. Multivariate logistic regression analyses were performed to determine risk factors that affect postoperative bleeding complications. Statistical significance was set at p < 0.20. Data were analyzed using the SPSS package software.
This study was approved by our institutional review board.
Results
In this cohort, ATT was regularly used in 50 patients (25.9%). The patients in the study were all Asians. APT was used in 35 patients and ACT was used in 21 patients. Both APT and ACT were used in 6 patients. In total, 32 patients (16.5%) were regarded as high risk for thromboembolism. Table 1 shows the background characteristics of patients in each group. Age above 75 years, diabetes mellitus (DM), American Society of Anesthesiologists (ASA) scores 3-4, history of congestive heart failure (CHF), history of coronary artery bypass graft (CABG), history of percutaneous coronary intervention (PCI), and history of cerebral infarction were more common in the ATT group. There was no difference between the groups in the rates of hemodialysis or morbid obesity [body mass index (BMI) ≥ 30 kg/m 2 ]. The perioperative characteristics and postoperative morbidity in each group are shown in Table 2 . Concerning the type of surgery, there were no differences in the rates of modified radical mastectomy, axillary dissection, neoadjuvant chemotherapy, or bilateral breast surgery between the groups. One patient in the ATT group needed intraoperative transfusion because of preexisting anemia.
No intraoperative massive blood loss ( ≥ 500 mL) was experienced in this study.
There was no thromboembolic complication in the whole cohort. Overall and major postoperative bleeding complications occurred in 11 (5.7%) and 5 (2.6%) patients, respectively. The ATT group included more patients with both overall and major postoperative bleeding.
Univariable and multivariable analyses for overall and major bleeding complications in this study were performed and are shown in Tables 3 and 4 , respectively. DM, ASA scores 3-4, history of CHF, history of CABG, and ATT use were associated with overall bleeding complications on the univariable analyses. Using multivariable analyses, however, no factor turned out to be significant for overall bleeding complications. Concerning major bleeding complications, DM, ASA scores 3-4, history of CHF, and history of PCI were associated in the univariable analyses, although there were also no associated risk factors detected by multivariable analyses. Either ATT use or preoperative aspirin continuation was not associated with overall/major bleeding complications.
Discussion
Some reports showed that APT might increase perioperative complications in several procedures (neurosurgical procedures, hip arthroplasty, transurethral prostatectomy, tonsillectomy, endoscopic large polyp resection, and transbronchial biopsy) [6] [7] [8] [9] . Chetlen et al. showed that no clinically significant hematomas or bleeding complications after the breast core needle biopsy were found on patients undergoing ATT [10] . However, there are no detailed reports about bleeding complications after breast surgery in patients undergoing ATT. Our study demonstrated that 25.9% of the patients undergoing breast surgery were receiving ATT, but no patients suffered from thromboembolic complications. The rates of overall and major postoperative bleeding complications on the ATT group were 12.0% and 6.0%, respectively. Multivariable analyses showed that either ATT use or preoperative continuation of aspirin did not increase the risk of bleeding complications. ACT and APT for secondary prevention of cardiovascular or cerebrovascular diseases are widespread and are increasing as the elderly ages [11] [12] [13] [14] [15] . More and more patients with ATT receive major noncardiac surgery [16, 17] . In patients with ATT, we are worried about perioperative bleeding and thromboembolic complications. The discontinuation of ATT may cause thromboembolic complications, whereas the continuation of APT or bridging heparin may increase the risk of bleeding complications [18] . The Kokura Protocol, which classifies patients according to the risk of thromboembolic complications and chooses perioperative management of ATT, should be adequate to minimize the risk of both bleeding and thromboembolism [1] [2] [3] .
We have to balance bleeding risks against thromboembolic risks in patients receiving ATT, but several updated guidelines [19] [20] [21] [22] [23] [24] clearly show that the prevention of thromboembolism is more important, as it might cause severe sequela and death. In case of coronary stent implantation, especially in patients with DES implantation, the discontinuation of antiplatelet medications significantly increases the risk of coronary stent thrombosis, which may cause acute myocardial infarction and death [25] . For that reason, some guidelines said that we should continue antiplatelet medications in the perioperative period for high thromboembolic risk patients [14, [26] [27] [28] , but in practice, most institutions choose to stop APT in case of major noncardiac surgery with bleeding risks. Our study demonstrated that not only open or laparoscopic abdominal surgery but also breast surgery, either mastectomy or breast conserving surgery, can be safely performed under the continuation of aspirin monotherapy or heparin bridging.
Concerning patients with ACT, heparin bridging is the common management for ACT [29] . Recently, the BRIDGE study recommended to stop warfarin therapy 5 days before an elective operative procedure and to resume Ax, axillary dissection; BC, bleeding complication; Intra-RBC Transf, intraoperative red blood cell transfusion; NAC, neoadjuvant chemotherapy; TC, thromboembolic complication. therapy 12-24 h after low bleeding risk surgery; heparin bridging was not recommended due to increased bleeding risks [30] . However, this study included few numbers of major noncardiac surgery, so we could not conclude that heparin bridging is not necessary in major general or abdominal surgery. The current study suggested that, even in patients with heparin bridging, breast surgery is safe and feasible without any increase of bleeding events.
This study has some limitations. This is a retrospective review from a single institution, which weakens the impact of the conclusion. A follow-up study and a multiinstitutional prospective study are expected. We continue to use the same ATT, so we will collect more patients to prove that the Kokura Protocol is feasible and safe on breast surgery.
Conclusion
Our study suggests that it is safe to perform breast surgery in patients receiving ATT when we properly manage them in the perioperative period. To minimize the risk of thromboembolism, preoperative aspirin continuation for antiplatelets and heparin bridging for anticoagulation should be considered when patients with high thromboembolic risks undergo breast surgery.
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